Aims To evaluate the joint associations of history of hypertension at baseline and type 2 diabetes at baseline and during follow-up on the incidence of coronary heart disease (CHD) and CHD mortality. Methods and results Study cohorts included 49 775 Finnish subjects aged 25-74 without history of CHD and stroke. The multivariable-adjusted hazard ratios (HRs) of CHD incidence were 1.25, 1.69, 1.25, 1.83, 1.85, 2.39, 2.15, and 3.31 (P-value for trend ,0.001), respectively, among men with hypertension I (blood pressure 140-159/90-94 mmHg or using antihypertensive drugs at baseline but blood pressure ,160/95 mmHg) only, with hypertension II (blood pressure 160/95 mmHg) only, with incident diabetes during follow-up only, with both hypertension I and incident diabetes, with both hypertension II and incident diabetes, with history of diabetes at baseline only, with both hypertension I and history of diabetes, and with both hypertension II and history of diabetes compared with men without either of these diseases. The corresponding HRs of CHD incidence among women were 1.52, 2.37, 2.45, 3.78, 4.56, 5.63, 6.10, and 7.41 (P-value for trend ,0.001), respectively. The impact on CHD mortality associated with the different strata of hypertension and diabetes was almost the same or a little stronger compared with that on the CHD incidence. Conclusion Hypertension and type 2 diabetes increase the CHD risk independently, and their combination increases the risk dramatically, particularly in women.
Introduction
Epidemiological studies have indicated that hypertension and type 2 diabetes are commonly associated conditions and their concordance is higher than that expected. Hypertension affects up to 40% or more of diabetic patients. 1, 2 High blood pressure has been found as one of the most important risk factors for coronary heart disease (CHD) in the general population [3] [4] [5] and also in patients with type 2 diabetes. 2, 3, 5, 6 The role of type 2 diabetes as an independent risk factor for CHD has also been well established. 3, 5, [7] [8] [9] Although a few studies exist about the joint prognostic effect of hypertension and type 2 diabetes on CHD risk in the general population, 3, 5 it is not fully known whether the increasing risk of CHD comes from the effect of hypertension or type 2 diabetes alone, or from the combined effect of both hypertension and type 2 diabetes. Moreover, most of these studies have presented the data on history of diabetes at baseline, and only one study has the data on incident diabetes during follow-up. 10 The aim of this study is to evaluate the joint effects of hypertension of different stages at baseline and type 2 diabetes at baseline and during follow-up on the risk of CHD incidence and CHD mortality.
Methods Subjects
Six independent cross-sectional population surveys were carried out in five geographic areas of Finland in 1972 Finland in , 1977 Finland in , 1982 Finland in , 1987 Finland in , 1992 Finland in , and 1997 . 11 In 1972 and 1977, a randomly selected sample making up 6.6% of the population born between 1913 and 1947 was drawn. Since 1982, the sample was stratified by area, gender, and 10-year age group according to the World Health Organization (WHO) MONICA (MONItoring trends and determinants of CArdiovascular disease) protocol. 12 The participation rate varied by year from 74-88%. 11 The subjects included in the six surveys were 25-64 years of age, and the 1997 survey also included subjects aged 65 to 74 years. Subjects who participated in more than one survey were included only in the first survey cohort. The total sample size of the six surveys was 53 166. The final sample comprised 23,851 men and 25,924 women after excluding 2138 subjects with the history of CHD or stroke at baseline, 105 subjects with type 1 diabetes, and 1148 subjects with incomplete data on any required variables. The participants gave an informed consent (verbal 1972-1992 and signed 1997). These surveys were conducted according to the ethical rules of the National Public Health Institute, and the investigations were performed in accordance with the Declaration of Helsinki.
Baseline measurements
A self-administered questionnaire was sent to the participants to be completed at home. The questionnaire included questions on medical history, socioeconomic factors, physical activity, smoking habits, and alcohol consumption. Education level, measured as the total number of school years, was divided into birth cohortspecific tertiles. Physical activity included occupational, commuting, and leisure-time physical activity and were merged and regrouped into three categories: low, moderate, and high. [13] [14] [15] [16] On the basis of the responses, the participants were classified as never, ex-, and current smokers. Current smokers were categorized into those participants who smoked ,20 or 20 cigarettes per day. Since questions on alcohol consumption were different between the first two surveys (1972 and 1977) and the latter surveys, the participants were categorized into abstainers and alcohol users. Family history of myocardial infarction was defined as a history of whose mothers or fathers were once diagnosed as myocardial infarction.
At the study centre, specially trained nurses measured height, weight, and blood pressure using the standardized protocol according to the WHO MONICA project. 12 Height and weight were measured without shoes and with light clothing. Body mass index (BMI) was calculated by dividing weight in kilograms by the square of height in metres. Blood pressure was measured from the right arm after 5 min of sitting. After blood pressure measurement, a venous blood specimen was taken. Total cholesterol was determined by using Lieberman Burchard method in 1972 and 1977 and by an enzymatic method (CHOD-PAP, Boehringer MANNHEIM, Mannheim, Germany) since 1982. Because the enzymatic method gave 2.4% lower values than the Lieberman Burchard method, the values measured in 1972 and 1977 were corrected by this percentage. All samples were analysed in the same central laboratory at National Public Health Institute.
Assessment of hypertension at baseline and diabetes at baseline and during follow-up Assessment of diabetes status was based on self-reporting and on the data of two nationwide registers. The National Hospital Discharge Register data included information on hospital discharge diagnosis from 1968 through the end of 2002. Data on diabetes medication were obtained from the National Social Insurance Institution's register on special reimbursement for glucose-lowering drugs from 1964 through the end of 2002. Glucose-lowering drugs prescribed by a physician are free of charge in Finland and are subject to approval of a physician who reviews each case history. The physician confirms the diagnosis of diabetes by applying the WHO criteria. All patients receiving free medication (either oral glucose-lowering agents or insulin) are entered into a register maintained by the National Social Insurance Institution. Subjects who reported having diabetes on the questionnaire, or who had had a hospital discharge diagnosis of diabetes, or the approval for free-of-charge medication for diabetes before the baseline survey were classified as having history of diabetes at baseline. Subjects who had the first hospital discharge diagnosis with diabetes, or the approval for free-of-charge medication for diabetes after the baseline survey were classified as having incident diabetes during follow-up.
Data on the initiation of antihypertensive drug treatment were also received from the records of the Social Insurance Institution's nationwide register on persons entitled to special reimbursement for antihypertensive drugs since 1964. Hypertension stage I was defined as systolic blood pressure 140-159 mmHg and/or diastolic blood pressure 90-94 mmHg, or using antihypertensive medicine according to the questionnaire or the approval of special reimbursement for antihypertensive drugs before the baseline survey but blood pressure at the survey examination ,160 mmHg systolic and ,95 mmHg diastolic. Hypertension stage II was defined as systolic blood pressure 160 mmHg and/or diastolic blood pressure 95 mmHg. The normotensive reference group was defined as systolic blood pressure ,140 mmHg and diastolic blood pressure ,90 mmHg and without any antihypertensive drugs treatment at baseline.
Prospective follow-up
Follow-up information was based on the Finnish Hospital Discharge Register for non-fatal outcomes (hospitalized myocardial infarctions) and the Finnish Death Register for fatal outcomes (deaths due to CHD) by using social security numbers assigned to every citizen of Finland. The overall sensitivity of the diagnosis of myocardial infarction in the combined Finnish Hospital Discharge Register and the Causes of Death Register was 83%. 17 Combined non-fatal myocardial infarction and fatal CHD cases were defined as the incident CHD events in the analysis. 
Statistical analyses
The Cox proportional hazards model were used to estimate the hazard ratios (HRs) of CHD incidence and CHD mortality among participants in nine groups: subjects with neither hypertension nor diabetes, with hypertension I only, hypertension II only, incident diabetes during follow-up only, both hypertension I and incident diabetes, both hypertension II and incident diabetes, history of diabetes at baseline only, both hypertension I and history of diabetes, and subjects with both hypertension II and history of diabetes. The proportional hazards assumption in the Cox model was assessed with graphical methods and with models including time-by-covariate interactions. 18 In general, all proportionality assumptions were appropriate. In addition, the association of blood pressure (as a continuous variable) with the risk of CHD was analysed stratifying by the diabetes status. The analyses were first carried out adjusting for age, and study year, and further also for BMI, total cholesterol, education, smoking, alcohol consumption, physical activity, and family history of myocardial infarction. A x 2 log-likelihood ratio test was carried out to test the significance of the interaction terms of hypertension and diabetes on coronary risk. Likelihood ratio test for interaction was also carried out to determine whether the effect of hypertension and diabetes on coronary risk was different in men and women. A P , 0.05 (two-sided) was considered as statistically significant. All statistical analyses were performed with SPSS for Windows 15.0 (SPSS Inc., III, Chicago, USA).
Results
General characteristics of the study population at baseline are presented in Table 1 . During a median follow-up of 21.5 years (12.8 and 27.8 years for the 25th and the 75th quartiles, respectively), 5074 incident CHD events were recorded, of which 3134 were fatal.
When blood pressure was used as a continuous variable, multivariable-adjusted (age, study year, BMI, total cholesterol, education, smoking, alcohol drinking, physical activity, and family history of myocardial infarction) HRs of CHD incidence among men were 1.22 (95% CI 1.18-1.26) for a 20 mmHg increment in systolic blood pressure and 1.18 (95% CI 1.15-1.22) for a 10 mmHg increment in diastolic blood pressure ( Table 2 ). The corresponding multivariableadjusted HRs among women were 1.26 (95% CI 1.21-1.30) and 1.23 (95% CI 1.18-1.28). The association of blood pressure with the risk of CHD was a little stronger among non-diabetic subjects than subjects with diabetes both during follow-up and at baseline. CHD incidence was increased by 23% (95% CI 1.10-1.37) in men with incident diabetes during follow-up and by 90% (95% CI 1.59-2.27) in men with history of diabetes at baseline compared with nondiabetic men. In women, CHD incidence was increased by 2.04 times (95% CI 1.80-2.30) and 3.7 times (95% CI 3.02-4.53), respectively.
Compared with men and women without hypertension or diabetes, age-and study year-adjusted HRs of CHD incidence associated with hypertension I only, with hypertension II only, with incident diabetes during follow-up only, with both hypertension I and incident diabetes, with both hypertension II and incident diabetes, with history of diabetes at baseline only, with both hypertension I and history of diabetes, and with both hypertension II and history of diabetes were 1. Table 4) . Further adjustments for other risk factors did not appreciably change these risk estimates. The interaction terms of hypertension and diabetes on both CHD incidence (x 2 ¼ 7.43 in men and 6.79 in women, 4 d.f., both P . 0.1) and CHD mortality (x 2 ¼ 2.32 in men and 5.38 in women, 4 d.f., both P . 0.1) were not statistically significant, indicating that these two factors operated independently for the CHD risk.
Compared with men and women without hypertension and diabetes, the relative risks of incident CHD and CHD mortality were higher in women than in men with any combination of hypertension and diabetes. This sex difference was, however, statistically significant for only CHD incidence among subjects with hypertension I only (x 2 ¼ 4.31, 1 d.f., P , 0.05), and for both CHD incidence and CHD mortality among subjects with hypertension II only ( 
Discussion
This study indicated that both hypertension and type 2 diabetes were independently associated with an increased risk of the incidence of CHD and CHD mortality. Blood pressure was associated with the risk of CHD in a similar fashion both in diabetic and non-diabetic subjects, but the absolute rates were higher in diabetic patients. The highest risk of an incident CHD event, and in particular of CHD death, was found among subjects who had both history of hypertension and history of diabetes; it is probably due to a longer duration of these conditions compared with people whose diabetes was diagnosed during the follow-up.
High blood pressure is one of the most important risk factors for CHD in all ethnic groups. 4 The association between blood pressure and CHD mortality is strong and direct, and the absolute risk of CHD mortality associated with high blood pressure increases with age. 4 However, most studies of hypertension and CHD risk have not stratified for the diabetes status or have used only history of diabetes as a confounder in analyses. We found that this direct association between blood pressure and the CHD risk was consistent among both diabetic and non-diabetic subjects. Several studies have demonstrated that hypertension, or an increase in systolic blood pressure, is independently associated with an increased risk of CHD in the diabetic patients. 2, 3, 5, 6 It is also known that hypertension predicts the development of type 2 diabetes. 19 Prevalent type 2 diabetes is a wellestablished risk factor for CHD 3,5,7-9 Epidemiological studies have indicated that patients with type 2 diabetes have a two to four times higher risk of CHD mortality than those without diabetes, 3, 5, [7] [8] [9] 20 and diabetic women show a higher relative risk for cardiovascular disease than diabetic men.
9,20,21 An important question is, however, to what extent asymptomatic diabetes, new-onset diabetes during follow-up, and impaired glucose tolerance are related to the risk of CHD. 8, 10, 20 It has been shown that about half of the type 2 diabetes patients and most of the people with impaired glucose tolerance are unaware of their condition, if not tested for glucose tolerance. 22 Also, it is known that diabetes may remain undiagnosed for over 10 years, 23 and during this period, hyperglycaemia (including asymptomatic diabetes, new-onset diabetes during follow-up, and impaired glucose tolerance) may cause cardiovascular disease. 8, 10, 20 Furthermore, although hypertension is very common in patients with type 2 diabetes, 1 only a few studies assessed the joint effect of hypertension and type 2 diabetes on the CHD risk in the general population. Our results suggest that, in order to reduce CHD risk, it is necessary to consider carefully the treatment strategies based on the individual disease status, including both hypertension and diabetes and their combination. Because we did not have data on the active management of hypertension and diabetes during the follow-up, our predictions may underestimate the risk since potential treatment benefits were not taken into account.
Recently, clinical trials have shown that pharmacological treatments of hypertension are efficient ways to prevent CHD in hypertensive patients. 24, 25 A meta-analysis based on 18 randomized trials found that low-dose diuretic therapy was effective in preventing CHD mortality. 24 For diabetic patients, blood pressure lowering therapy seems to offer a greater reduction in the risk of macrovascular disease than do interventions for blood glucose control. 26, 27 This is probably in part due to the fact that currently we have more efficient tools to lower blood pressure than to control hyperglycaemia. In antihypertensive therapy, the recent guidelines have recommended to control both systolic and diastolic blood pressures, although prior to the results from trials on isolated systolic hypertension 28,29 the emphasis was on diastolic pressure. In antidiabetic therapy, the emphasis is still largely on the control of fasting hyperglycaemia, not post-prandial (postchallenge) hyperglycaemia. Observational studies have, however, provided undisputed evidence that cardiovascular risk largely depends on post-prandial (post-challenge) glucose, not on fasting glucose. 8 This may be another reason for poor impact of anti-diabetic treatment on cardiovascular risk. Several clinical trials have demonstrated that adequate control of hypertension attenuates the risk of CHD in hypertensive diabetic patients, 24, 25, 30, 31 even to the level of non-diabetic patients. 25 There are several strengths and limitations in our study. We have a unique possibility to stratify not only for the baseline but also for follow-up status of diabetes. The number of participants was large and from a homogeneous population. The median follow-up, 21.5 years, was long and resulted in a very large number of CHD events. Because of computerized register linkage, the event ascertainment was complete. A limitation of our study was that we did not carry out Multivariable models included age, study year, BMI, total cholesterol, education, smoking, alcohol drinking, physical activity, family history of myocardial infarction, diabetes, and systolic blood pressure (or diastolic blood pressure). either fasting glucose test or glucose tolerance test at the baseline. Therefore, we have missed cases of asymptomatic diabetes at baseline, but many of them were ascertained as incident cases of diabetes during the follow-up. Another limitation was that we did not have data on individual drugs used for the treatments of hypertension and diabetes, but with such a long duration of the observational study it would be almost impossible to reveal effects due to specific pharmacological agents, since their use has varied drastically over time in most if not all of hypertensive and diabetic patients. Finally, we cannot completely exclude the effects of residual confounding due to measurement errors in the assessment of confounding factors or some unmeasured dietary, social, and other factors.
In conclusion, our study confirmed that both hypertension and type 2 diabetes increased the risk of CHD independently, but in people who had both of them together, the risk increased dramatically. Since hypertension and type 2 diabetes often occur concomitantly, it is possible that part of the risk of CHD assumed to be related to high blood pressure may primarily be due to undiagnosed disorders in glucose metabolism since blood pressure values are recorded much more often than glucose values, in particular post-challenge glucose. This has to be assessed in studies where adequate data also on glucose tolerance have been collected.
